The new kaurane diterpene, ent-3-butanoyloxykaur-15-en-17-ol, and four known kaurane diterpenes were isolated from the bulbs of Fritillaria ebeiensis. Their structures were elucidated on the basis of extensive spectroscopic analyses (IR, ESI-MS, HR-ESI-MS, 1-D and 2-D NMR). All the isolates showed neuroprotective effects against MPP þ -induced neuronal cell death in human dopaminergic neuroblastoma SH-SY5Y cells.
Fritillaria ebeiensis G. D. Yu and G. Q. Ji, belonging to the family Liliaceae, is mainly distributed in the northwest district of Hubei Province in PR China. Its bulbs have been used as a Chinese folk medicine for clearing heat, moisturizing the lungs, and for treating such throat diseases as coughs, asthma and tracheitis. 1) The characteristic components of genus Fritillaria are the steroidal alkaloids, [2] [3] [4] [5] [6] [7] diterpenoids. 8, 9) Diterpenoids including isolates from the Fritillaria species, as a characteristic and important class of natural products, have been reported to possess such biological effects as antibacterial activity, cytotoxicity and antitumor activity. 10) Considerable attention has been given to diterpenoids in the course of our identifying new natural terpenes and searching for bioactive natural products from traditional Chinese herbal medicines. 11, 12) As a continuation of our work with the discovery of bioactive natural products from medicinal plants, 11, 12) we investigated the chemical constituents of the bulbs of F. ebeiensis, whose methanol extract showed the moderate neuroprotective activity. One new and four known kaurane diterpenes were isolated from the bulbs of F. ebeiensis as a result of further chemical investigations for bioactive products. Their structures were elucidated by spectroscopic methods (IR, ESI-MS, HR-ESI-MS, and 1-D and 2-D NMR). We describe here the isolation and structural elucidation of these natural diterpenes, as well as the neuroprotective effects of compounds 1-5 ( Fig. 1 ) against 1-methyl-4-phenylpyridinium (MPP þ )-induced neuronal cell death in human dopaminergic neuroblastoma SH-SY5Y cells.
The air-dried bulbs of F. ebeiensis (3.6 kg) were powdered and extracted three times with methanol (3 Â 24 L) under reflux. The organic solvent was evaporated under vacuum to afford a crude extract (532 g). This extract was suspended in H 2 O (0.7 L) and then partitioned with dichloromethane (6 Â 0:7 L). The combined dichloromethane-soluble fractions were concentrated in vacuo to give a residue (75 g), which was subjected to silica gel column chromatography, using a stepwise gradient of acetone in petroleum ether (1:10-1:1, v/v), to give eight fractions (Frs. 1-8). Fr. 3 was further subjected to silica gel column chromatography to afford three subfractions (Frs. 3a-3c), of which Fr. Compound 1 was isolated as a white solid. Its molecular formula was determined as C 24 H 38 O 3 from its HR-ESI-MS spectrum (m=z 392.3159 ½M þ NH 4 þ ; calcd. for C 24 H 42 NO 3 , 392.3165), which is compatible with the NMR data. The IR spectrum of 1 showed the presence of hydroxy groups (3556 cm À1 ) and carbonyl groups (1726 cm À1 ). The 1 H-NMR data for 1 exhibited four methyl groups and one olefinic proton. The 13 C-NMR spectroscopic data, in combination with the DEPT and HMQC spectra, displayed twenty-four carbon resonances that were classified into four methyls (C-18, C-19, C-20, and -OCOCH 2 CH 2 CH 3 ), ten methylenes (C-1, C-2, C-6, C-7, C-11, C-12, C-14, C-17, -OCOCH 2 CH 2 CH 3 , and -OCOCH 2 CH 2 CH 3 ), five methines (C-3, C-5, C-9, C-13, and C-15), and five quaternary carbons (C-4, C-8, C-10, C-16, and -OCOCH 2 CH 2 CH 3 ). The close similarity of the chemical shifts from C-1 to C-20 for 1 with the reported values for similar compounds implied that 1 might be a kuarane-type diterpene with a butanoyloxy group. 8, 9) A comparison of the 13 C-NMR spectroscopic data for 1 with those for ent-3-acetoxykaur-15-en-17-ol (4), a known kaurane-type diterpene, [13] [14] [15] 
Note side chain (butanoyloxy) at C-3 in 1, were comparable with those of 4, which was an acetoxy at C-3 in 4. The HMBC correlations of H-3 at 4.35 (1H, dd, J ¼ 9:6, 6.4 Hz) to the carbonyl carbon at 173.5, confirmed that the butanoyloxy was attached at C-3. Further analysis of the HMQC, HMBC, and 1 H-1 H COSY spectra enabled all the proton and carbon signals to be unambiguously assigned.
Two six-membered rings comprising C-1-C-10 are generally fused with a trans-orientation in this class of kaurane-type diterpenoids. 8, [13] [14] [15] [16] The NOESY correlations ( Fig. 1) observed for H-5/H 3 -18, H-5/H-9, and H-3/H-5, but not for H-5/H 3 -20, suggested that the H-3, H-5 and H-9 protons were positioned on the same side with an axial orientation. The butanoyloxy was therefore oriented with an equatorial conformation, this being supported by the coupling constants (J 2;3 ¼ 9:6, 6.4 Hz) of H-2 and H-3. 8) Compound 1 was elucidated as ent-3-butanoyloxykaur-15-en-17-ol.
17) The known compounds were identified as ent-kaur-15-en-17-ol (2), 14) ent-kaur-15-en-3, 17-diol (3), 14, 15) ent-3-acetoxykaur-15-en-17-ol (4) and ent-kauran-16, 17-diol (5) based on the spectroscopic analysis and a comparison with the literature. [13] [14] [15] The neuroprotective effects of the five kaurane-type diterpenes against MPP þ -induced neuronal cell death in dopaminergic neuroblastoma SH-SY5Y cells were assessed by using an established MTT assay with a slight modification. [18] [19] [20] Compound 3 showed a strong neuroprotective effect at a concentration of 30 mm (Fig. 2) , while only moderate neuroprotective activities were exhibited by compounds 1, 2, 4, and 5 at concentrations of 30 mm. All the compounds (3-30 mm) neither affected the cell viability nor showed any cytotoxcity in the absence of MPP þ (data not shown). In conclusion, we successfully isolated and identified one new and four known kaurane-type diterpenes (1-5) from F. ebeiensis. All the compounds exhibited neuroprotective effects. To our knowledge, this is the first report of kuarane diterpenes from F. ebeiensis protecting against MPP þ -induced neurotoxicity in human dopaminergic SH-SY5Y cells. The diterpenoids that possessed such biological activity may be useful in treating such neurological disorders as Parkinson's disease, Alzheimer's disease, and Huntington's disease. C in a 5% CO 2 humidified air incubator. The cells were then pre-treated for 2 h with various concentrations (3, 10 or 30 mm) of compounds before incubating in a medium containing MPP þ (0.8 mm). MTT dissolved in phosphatebuffered saline was added at the end of incubation to a final concentration of 0.5 mg/mL. After incubating for 3 h at 37 C and 5% CO 2 , the supernatant was removed, and the formed formazan crystals in the viable cells were measured at 550 nm with a microplate reader (Molecular Devices, USA). Each experiments was carried out in triplicate. A statistical analysis was performed by a one-way analysis of variance (ANOVA) and subsequent post hoc multiple comparisons by the Tukey method. The data are expressed as the mean AE SEM of three assays.
